A study was carried out to investigate pollen foraging, storage and its impact on Apis mellifera L brood production throughout the year under Terai condition of Nepal in [2003][2004][2005]. Number of pollen foragers, amount of pollen stored as beebread and brood in the colony differed significantly during different seasons. Number of pollen foragers (117.5 bees/ hive/ 5 min) and amount of pollen as beebread (2439.0 gm/hive) and number of brood (14787.2 brood cells/hive) were the highest during spring season, while the lowest number of pollen foragers (38.1 bees/ hive/5 min.) stored the lowest amount of beebread or pollen store (152.5 gm /hive) and produced the lowest number of brood (3811.7 brood cells/ hive) and bees in rainy season. Autumn, winter and summer seasons were normal for pollen collection and brood production, while starvation and nutritional deficiencies due to the acute shortage of pollen in rainy season was the major reason to decline or collapse the bee population before the honey flow season. Therefore, feeding bees with adequate amount of nutritionally rich pollen during rainy season is essential to maintain a healthy and strong bee colony for the production of higher honey and other hive products.
INTRODUCTION
Flowers are the mainstay of the bee's life from where they collect pollen (protein rich food) and nectar (major source of energy). Growth of bees begins as soon as newly merged bee starts feeding on pollen with a development of their brood food glands, fat bodies and other tissues. Pollen eating age in the worker bees ranges from emerging to 18 days old. However, the maximum amount of pollen consumption occurs when bees are 5 days old. The protein content of fresh weight of emerging bees is 13% and 15.5% of fresh weight of 5 days old bees (Dietz, 1975) . During the early adult life of worker bees, all nitrogen is derived from pollen protein. Therefore, young worker must consume a large amount of pollen in the first two weeks of their adult life. Therefore, the amount of pollen inside the hive is a crucial factor for the proper development of healthy honeybees and strong bee colony. The key indicators for the proper health and development of bees are vitamin A, B1, B2, B6 and folic acid and minerals such as iron, manganese and zinc in the pollen (Dietz, 1975; Vivino and Palmer, 1994) . Nutrition of honeybees involves various chemicals such as carbohydrates, fats, proteins, minerals and vitamins.
Nectar and pollen collection foraging by bees is a continuous process throughout the year in tropical and sub-tropical areas, where there is continuous succession of blooming of bee flora. However, the foraging activities of honeybees for pollen are greatly influenced by the weather conditions and availability of pollen. In tropical and sub-tropical areas, summer and rainy seasons are very harsh for bees. Generally no floral sources are available to bees from June to September (Mishra and Sharma, 1997-98) . Food shortage cause quick dwindling and even death of bee colonies. Therefore, the amount of incoming pollen in a bee colony may vary according to different seasons of Nepal, which plays a very important role for the production of brood and bees.
MATERIALS AND METHODS
This study was carried out at Gorkha Bee Farm, Yagyapuri, Chitwan, Nepal. Six Apis mellifera L. honeybee colonies each having 10 frames of bees and 4 frames of brood and queen of similar age and quality were selected to carry out the study in autumn, winter, spring, summer and rainy seasons from 2003 to 2005. Number of brood and pollen cells were counted and recorded during autumn, winter, spring, summer and rainy seasons with the help of brood measurement table developed by Woyke (1976) . Number of pollen foragers for the bees, which were coming with pollen loads at the hive entrance was counted for five minutes in each bee colony during peak foraging periods of the day. Comparative study for the number of pollen foragers, pollen and brood cells in the brood nest of each experimental colony were done for different seasons under Terai condition of Nepal.
RESULTS AND DISCUSSION
The number of bee brood and pollen cells in the brood nest and number of pollen foragers varied during different seasons under Chitwan condition of Nepal ( Large amount of surplus pollen stored was observed during spring and winter, while it was normal during autumn and summer seasons. However, the pollen storage was recorded the lowest during rainy season, which was too low for the fulfilment of bees.
It was found that the pollen foragers were the highest (117.50±22.63 bees /hive / 5 min.) during spring season followed by summer (64.58±6.97 bees/ hive/ 5 min.), winter (63.17±11.79 bees/ hive/ 5 min.), autumn (62.25±7.29 bees/ hive/ 5 min.) and the lowest (38.08±7.27 bees / hive/ 5 min.) during rainy season. Pollen load of the foragers was considerably bigger during spring, summer, autumn and winter than in rainy season. The honeybees collected pollen mostly in the morning hours of the day during all seasons. The collection of pollen by worker bees was influenced by number of factors including both internal and external. Higher number of brood in the colony stimulated the foragers to collect higher amount of pollen. External factors, such as temperature, light, wind, rain, cloud, humidity also influenced the pollen foraging activities.
The brood production in the colony initiated with the beginning of autumn season with the availability of natural pollen and suitable climate. The number of pollen foragers was recorded 62.3/colony during autumn when air temperature ranged from 34 to 19˚C with a relative humidity of 85 to 87% (Table 4 ). The air temperature played main role to influence the worker bees to collect pollen. Lauveaux (1958/59) observed that pollen was not collected when air temperature was below 10 0 C. The increased pollen storage with the increased number of pollen foragers also increased the number of brood production during the later part of autumn season. So, the production of brood at initial time of autumn season is very important for the production of enough field force for higher honey production during forth coming season.
Storage of pollen was found sub-optimal, which is used as a source of proteins, lipids and vitamins for developing larvae and initiate more brood at the beginning of autumn. Therefore, it is very important to provide the protein rich food for bees in sufficient amount during rainy and the beginning of autumn seasons to keep bees healthy and strong. However, this situation may vary from place to place, and hence, colony needs management accordingly.
The study revealed that the production of brood declined during winter months especially due to the unfavorable climatic condition. The range of temperature during winter months in the Terai region is 24 to 9 0 C (Table 4) , which affects both inside hive and field activities of bees. Camareno and Pecho (1973) and Verma,(1995) claimed 25 0 C as a peak foraging temperature for mellifera bees. According to Mishra and Sharma (1997/98) , worker bees of mellifera stopped foraging when air temperature dropped down below 14 0 C and lost ability to move at temperature below 10 0 C. In addition, field activities of bees are badly affected by cloudy days, foggy mornings and rains during the months of winter season. Worker bees from super are shifted to brood chamber as winter cluster for protecting the broods. Higher numbers of bees are involved to maintain the brood nest temperature during winter months instead of going for foraging pollen and nectar. Therefore, climatic elements are the limiting factors during winter season.
Spring season is the best among all the seasons under Terai condition of Nepal for bee activities and production of different hive products. The suitable, climate such as optimum air temperature, humidity, open and sunny days for longer duration and low wind velocity for foraging and availability of enough pollen and nectar from different flora stimulated the highest number of worker bees to collect maximum amount of pollen and produced higher number of broods (Table 1 , 2, 3). High level of natural pollen collected by bees provides high dose of protein for newly emerged bees. Generally the protein content of pollen ranges from 8 to 40%. Bees, which are sufficiently fed with high protein content pollen produce large quantities of royal jelly to feed to laying queen and young larvae. When laying queen receives more amount of royal jelly, she lays more eggs and produces more pheromones. The larger number of broods and increased amount of queen pheromones stimulates bees to collect more pollen and nectar. Those worker bees which receive enough protein rich food become healthy, live long and are highly productive for different bee products including royal jelly, bee wax, bee venom Otis et al., 2003) . Therefore, the spring season has been found the best season for the production of brood, pollen, honey, royal jelly, and bee venom and queen bees. In addition, spring season is also the best time for the building of comb foundations.
It has been found from the experiment that the production of brood and store of pollen started to decline from the months of summer season (Table 1 , 2). Climatic condition and availability of bee flora are the major limiting factors to decline the brood and pollen in the summer season. The high temperature, which ranges from 22 to 34 0 C and low humidity ranging from 75 to 77%, cloudy days, rains and storms during summer reduced the collection of pollen (Table 3) . Hayad (1935) reported 34 to 19 0 C temperature and 87 to 85% relative humidity optimum for foraging of mellifera bees. Because of higher day temperature bees are active during mornings and afternoon hours for foraging. Mishra and Sharma (1997/98) reported that the foraging activities of mellifera bees for pollen and nectar started to decline when air temperature exceeded 35 0 C and stopped at 40 0 C. Dry and hot air temperature causes to desiccate pollen and nectar of the flowers thus making Weather data obtained from National Maize Research Center, Rampur, 2003 them unavailable to bees during summer. Therefore, the store of pollen and honey in the colony may not be sufficient for bees in some part of Terai region of Nepal during summer months, and hence, should be given enough food to manage the colonies properly. The studies have shown that the bees collected and stored the lowest amount of pollen (Table 1) and produced the least number of broods during rainy season. Unfavorable climate and lack of bee flora are the major limiting factors for the shortage of pollen and decline in brood production during rainy season. Continuous heavy rains for several days washes the pollen grains thereby making them unavailable for bees. Cloudy weather and continuous rains for many days reduces or stops the foraging activities of bees for a long time. In addition, lack of sufficient number of bee flora for providing good quality pollen and nectar in abundance is another limiting factor for bees in Terai and mid hills of Nepal during rainy season. All these factors together results in poor collection of pollen. Worker population in the colony sharply declines or collapses due to very less production of brood. Starvation is one of the most common cases of weak or collapse of colony during rainy season in tropical and sub-tropical region. Rashad and Parker (1958) reported that each larva needs more than 100 mg of pollen for its complete development. According to them, one cell of pollen contains 183 mg of beebread, which is sufficient to rear about one bee. Based on the findings of the study the number of cell with beebread in a colony during rainy season can rear properly about 53 bees at a time. Under such situation, if large numbers of larvae are developing in a colony, they are deprived of required amount of pollen. Then the bees become physically and physiologically weak. Such bees cannot produce enough royal jelly as their hypopharyangeal glands are not properly developed and will subjected to various kinds of diseases and disorders.
CONCLUSIONS
Honey and nectar provides only energy necessary for flight and metabolism. In fact, all nutrition of honeybees, such as protein, vitamins, minerals, fats etc. comes from pollen. The development of body tissue, muscles, and glands such as hypopharyngeal glands depends upon adequate amount of protein in the honey bee diet. Proper development of brood food glands in worker bees is very important to produce sufficient quantities of royal jelly to feed the developing larvae. Therefore, lack of adequate amount of pollen in the colony reduces the brood production and colony strength. When bees are developed under the poor status of pollen, they become physically and physiologically weak, disordered and are proned to many kinds of diseases and disorders. Such bees are unable to produce enough royal jelly to feed the growing larvae and those larvae when emerges will be also physically and physiologically weak and disordered. So, there will be a chain effect on the development of weak bees especially due to the lack of pollen. Therefore, the quantity and quality of incoming pollen in the hive is critical for the production of brood and beehive products.
Worker bees collect pollen from different type of flowering plants. The amount of pollen collection is influenced by the need of the colony and external factors such as climate and availability of bee flora. There is a great difference in the amount of pollen collection and store and brood production during different seasons of Terai, Nepal. Spring season has been found the best time for the production of brood, pollen and other hive products. Autumn, winter and summer seasons are normal for the collection of pollen and brood production except in certain times and places. Rainy season has been found the worst season for bees in Terai and mid hills of Nepal. Colony population declines sharply, become physically and physiologically weak and disordered due to the nutritional deficiencies and starvation. Therefore, it is very important to feed bees sufficiently with protein rich food containing vitamins and minerals throughout the rainy season to keep bees in normal condition.
